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III. AN IN TE RACTIVE MICROCOMPUTER SYSTEM FOR THE ANALYSIS 

OF ECONOMIC MODELS 

by 

l\ndrz L' j Zi ó łk owski, Wojciech Cicllucki .ind Ccz,.ll:y lw„ubki 

rri.ł Introduction 

The economic reform which is pre sently being in troduced in 

Poland create d a demand for ec onomic models ba s ed on new lcgal, 

fiscal, economic etc. regulations and a demand for compute r-aided 

tools for the d evelopmen t and ana ly sis of these models. 

Chang es of the economic rul es tll a t have been intro<luc c d, are 

essen tial. Th e ma nagers must now deal with t he problem th e y never 

f a ced b e fore, e.g. with t he nonlinear global wag e regul a t o r. 

Their p r evious e xperie nce and knowledge has lost its value , s~ that 

they must qu i ckl y l earn how to live with t he n e w rules. It s eems . th , 

computer mod e ling is an a ppropriate s6l u t ion for this kind of yrob

lems . Th e ex periments on r e a l life systcms, are so costly, if at 

ali possible, that the l earn ing process is too slow. To the c o n tra 

ry, experiments on a compu t e r model are cheap -a nd give geod cha n

ces to gain knowledge nee ded in d ecision making process. 

In the las t f ew years seve ral compute r models for a firm ware 

developed at the Systems Research Institute: Cichocki, Stefański 

and Ziółkowski (1 983), and Stefański and Zió łkowski (1984). On the 

basis of this experience in 1984 a new project was started with -

a g oa l to des i gn a unive r sa l tool for the analys is of simple ccono

mic mod~ls on COMPAN-8, a smal l , 8-bit, Polish made microcompute r . 

At the some time a very sirńilar tool was elaborated for the MERJ, - 4O• 

16-bit Poli s h ma de microcomputer. As th e difference s between t he se 

two sy s tems are minor and are main l y caused by hardware limitat ions 

we shall call both the some gen e ric name: ANAGRAF system . 

In the pape r the ANAGRAF sys t e m for the ana lysis of simple 

economica l model s is pres ented. The mo st impo rtan t features of o u r 

a ppro ;:; c h are the use of graphic al presentat i on o f the r esults and 

a fully inte rac tive process of the model development and analysis. 
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To assurc the ln tter f eature , a special. non-procedural l anguage 

has b ccn ucvclo,,ccl. \'/ith th e h e l p of this spcc ial lirngua<Je 

the user can vcry eas i l y update his or her mode l a nd ob tain re

su lt s in a graph ica l form for s lightly ~od ifi e d mode ls as r esu l

ting from e . g., var i an ts of environmenta l be11aviour, varian ts of 

l abor proóuctivi ty e tc. All the r e sults can be presente d in one 

figure for compa r i so~. 

! 
The ma in functions of the AN/\GRAF sy s t em are : 

; creatio n and upda ting of the mode l definition in an interactive 

,.- mode , 

( - eva luat ion of actua l values of the mode l va riables according 

to given defin itions, 

- presenta tion of results in a graphical form, 

- prese ntation o f r esults in a nume rical form, 

- saving on , and resorting ·from disk files of specific mode l 

defin itions, 

- d i spl aying an a ctual model definition. 

To c~ea te a model the us e r mus t define how to calculate 

variable.s u sed- in the mode l. In the ANAGRAF system the model 

d escri t~on c ons i sts of formulas. Each formula defines one var

i able. $ •'):.ie examples of correct formulas are given belo!'1: 

A 52. 1 

B ( (A - D) * F + ( A - E ) ** 2) / 100 

C D + 3, IF R/K > 50 C = D + 9, IF (R/K 30) OR (S=0) : C=D +6 

The first one defines a variable A as a constant. In the second 

formula a variable B is defined as a function of variables A, D, 

F a nd E. The way in which the arithmetic formulas are written is 

very similar to that used in most computer languages as, e.g., 

BASIC or FORTRAN. The third fo rmul a is an example of a conditio

na l definition of a variable. In this case a for mula for the cal

culation of the value of variable is chosen depending on given 

conditions. The compu t e r sean s the expression fr o m the left to 

the right. First, the value of va ri~ble C is set to D + 3. 

Th e n, t he cornputer checks the c o ndi tions given after th e word IF. 

If none of the condition is satisfied, the finał value of this 

formu la wil l be D + 3 (this corresponds to t he EL iE cla us e used 

in many c onpu ter l anguages) . 



40 

If any othe r of t he condit i on s is Satisfied, the formula wri

tten after first sat.isfied condition met during scannin9 of 

the expression will be choscn. So in our example if th e fir st 

condition is satisfied, the variable C will be set to D + 9. 

If the first condition does not hold but the second is satis

fied ; C will be set to 0 +6. If lx>th these conditions are satisfi ed, 
. I' . 

C will be set to 0 +9 because this formula was written aft e r 

the first. satisfied condition. 

The language used in the ANAGRAF system is non-procedural. 

The ord er of putting the formulas in is not important. The ord e r 

in which the forrnu las are calculated _is automatica lly establis

hed during the analysis of interdependences betwee n the va riabl c:, 

This feature is very·attractive for an inte ractive work. To exten 

the model, the user may simply add new variables and formulas. 
· i 

If he wishes .to mod ify the model, he can just write a new formu -

la for the existing variable. 

The most import.ant function of the system ls a graphical 

presentation of dependences between the variables used in the 

model. Using compact co.nmands of the ANAGRAF system, the use r 

can obtain a graphical presentation of a dependence o f any varia

ble upon any other var iable. The system sup9orts t hree type s of 

curves: 

ordinary curves, 

parametric c urves, 

isoquants. 

· oependence between variables can 'also be printe d in a numc 

rical form if needed. 

Because the use r can change his model in an interactive mo

de, he may also need to store and then restore some vers i o n of 

the model. He may also n eed to display or print the formulas of 

his model. All this functions are also supported b y th e AN AGRA F 

system. 

III.3 Interactive mode l d eve lopmen t and ana l ysis 

The features of the ANAGRAF syste~ are very h e lpful i n the 

inte ractive work. The essen t ial feature is a nonprocedura l l angu3· 

ge for model definition, specially d e s i gn e d for thi s p u r pose . 
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Quit~ complex models can Ge defined in this l a nguage , b ec a use 

conć.i ti ona l cvolution of f ornulas is possible , yet the l anguage 

is st ill very simpl e an d easy to use . The user need no t care 

about · the orde r of formulas, he rather specif i es a rclat ion bet

wccn the var i ables than a n algorithm: Ext r emely s i mple is mode l 

modification . New varia b l es and formu l as can be added to the mcdel 

and the cxis ting formulas c an be rr,odified at a ny time of the mo 

del .dcvelo~ment p roc~ss . 

,In the J\t,'.l\GRAF sys t em i t i s poss i b l e to ob t ain more tha n 

just· ond curve in a g r aph. Fo r examp~e, the use r can draw some 

f u1-i"c tion of one va riable wi th one command and then in the same 

~raph anothcr funstion of the same varia ble. He can also draw 

· ~orne f unction with one c oi:runand , t hen change the value of some 

mode l paramcter , an d draw the f unc tion once again. In this way 

he can inves tigate how same model parame t e r influences themo

de l·s behaviour. Of course, he c hanges not on ly t he value of 

some parame ter· but tJ{e en ti:i:e f omula. If1 fact, he can cómpare 

in one graph two o r more dif feren t models. In practice it may 

be more conve nient to use different name s of variables for in

troducing new mode l variants bu t t h e ease of mod e l rnodi fic a tion 

is esse ntia l i n the interactive werk. Interactive modelling is 

ma inly a l ea rning process in which the human decision maker gat

h e rs e xper ience so that he must have a possibility to perform 

experiments . Th e facilities of ANAGRAF system allow one to perforrn 

effici e ntly all such experiments in an interactive made. 

III.4 System comrnands 

The basie commands in the A.i~AGRAF system are those to in

troduce a new variable and formula defining it, and t~at to up

date a formula of an existing variable. Both have the same form 

gl..ven ·below: 

< variable > = < arithm. expr.>, [ IF < logical expr.>:< variable> 

= arithm. expr.>J ••• 

The par t in t he square brackets is optional and may be repeated 

many times. All va riables in a mode l ha v e unique names. To assure 

r eadability, the names may be a s - l ong as 30 characters. A name 

may c ons is ts of few words seper ated with spaces. But such long 

n ame s are not c o nvenient because of a considerabl e t y_ping effort. 
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In the ANAGRAF system an o'r iginal soluti o n to this problem i s 

u s c d. Th e full name of a variable c on s is t od cnpital and sma ll 

l cttcrs , digits a nd spaces. Th e u ser mus t type the _var'i iib l c n .1111 , · 

in ihe full form only , once in the definition of the v~ti a ble. 

Th e n, in all other comma ncs an abbreviation of the name can b e 

us c d to s ave the typing effort. An abbrcviatirn consists on l y of 

ca pi tal l et ters and digits used in full name. Be l ow some exam

ple s of full names and their abbreviaticns are give n: 

Full name 

Cost of Materiał 

Cost of Materiał 

Abreviation 

CM 

COSTMAT 

However the user must r e member that not only the full name but 

al s o its abbreviation must be unique. 

The variable can be delete d from the mode l with t he comm~n~ 

in the form: 

< var iab le > # 

The command 

< variable > ? 

e.g.,CM # 

e.g., CI-! ? 

displays an actual definition of the variable. 

The commands to store t he mode l definition on a disk fil e 

or to -restore it are also very simple: 

Write: (<drive>:] < f i le > [~extension >] 

Read: [<drive>:) <file> [~ex tension >] 

eg. W: MODEL 

eg. R: MODEL 2 

.D/\T 

The parts of the collll!land in the square brackets are o. t iona l. 

If not given, d efault values are assumed . Li k e in · t hd name of 

variable the small l etters in the comma nd name n eed no t by typed 

so that, for examp l e, instead of Write o nly W can be writt en. 

More complex are commands for drawing c u rves or printing tab l es. 

The command given b elow draws a funct ion of on e variable : 

Plot Function: < var iable >, [< variable >] ..• ,X=< v a riab l e > 

< min. > •. <max.>, Y = (<min.> •• <max .>) 

eg., 

PF: D, E , F, X= A ( - 10 •• 10), Y (0 •• 100) 

In t he commahd the list of d ependent variabl~s (functions to be 

drawn), the name of a independe nt variable· and the rang es for x 

and y axes are defined. In the above example the functions : 

D (A), E(A) and F(A) are to b e drawn. The -independent variabl e 

A varien from -10 to 10. The ranse for th e values of f unction 
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is from O to 100. The va l ues out of this r .:m9e wi l l not be s hown 

in th e f igure. 

Th e comma n d to d r aw pa r ametric func t ions , isoquants or to 

p ri n t nui:1e rica l tables a r e very simi l a r in the form to the comma n d 
\.. 

g i ven above . ~s it was men tioned earlie r, the u se r can draw m&ny 

c urves i n one graph wi t h a sequenc e of c ommands . To clean the s creen 

a n d t o star t with a n e w f igure the comnand : 

Ne w F igl;lre 

is u se7 . l\. har c. copy of dr-awn: g raphs 1@y be obtain e d b y t yping the co

mma nd~ 

Har;J3.' Copy : nu mb e r of copies 

If ' th e number of copie s is not giv en, a d e fault valu_e of copies 

e~ual to one is adopted. 

III.5 Remarks on i mplementation 

The- ANAGRAF· "' system tr__ansla tes . the_ mode.L d esc;:rj_ption.... from 

a source form to an inte rna! form in which the Re v e rse Polish 

notation is utilized. Each variable definition can be tra nslated 

sepa rately but not all errors can be dete cted at that moment. 

All information necessary to recreate the source form of the model 

eg.: variabl~ name, additional parentheses in the expre ssions is 

stored in me mory, so that the so·urce form with all c hanges intro

duced dur'ing a modelling session can be obtained, i. e. displayed 

' printed and stored in a disk file if desired. 

Let us consider what are the actions of the ANAGRAF system 

to perform a cominand to plot function of one variable. This exam

ple will explain to same extent how the system is constructed. 

The corrmand is first interpreted. In this phase some errors can 

be detected as eg., a wrong command syntax, or variable name 

misspelling. Then, the program analyzes which formula must be . 

calcula.t.ed -, .-to .pe.rfo:cm .the ,given. command . .. .Usual.ly ... only ,fE:.;. . Jori:nulas 

are necessary because the variables that are not to be displayed 

and not influence .the result need not be calculated. Then, the 

order in which the formulas should be calculated is defined. In 

this phase same other errors can be detected eg., und e fi ne d varia

bles, looping in definitions. In fact, these errors are not rela

ted to the command but are rather cau sed b y a wro ng model defini

tion. Then, the program sets the value of an independent variable, 
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c alc ul~tes neccssa ry fo r mula s ' and plots th e function in a graphical 

f orm . Th es e actions ffiust be r epeate d man y times for different va 

~u es of a n independent variable in the range speci fied in the co

mmand. 

The ANAGRA? syste m is written in FORTRAN with same s mall 

parts written in the assembler language. 

II I . 6 Application to t ax analysis 

The ASAGRAF system has been used to i mplemen t the simulation 

model which al lows us to illustrate the effects of applying diffe

rent forms o f ·the tax regulator-s connec ted with wage funds. We an a 

łys e those ef f ects from the point of view of an enterprise. Curren

tly, there are four diffe rent tax formu a ~ which can be applied 

in Poland: 

( 1 óS 
1. F Fo "< -

So 
2. F Fo ( I • pl 

3. F k Fo 
So s 

4. F Fo (1 + k liP) 
Po 

where: 

F - standard wage f _unds for the current year, 

Fo - standard wage fun ds for the previous year, 

k - corr-ecting cocfficient, 

S - production level in the curren t year, 

So - production level in the previous year, with 

óS S - So 

p - standard admissible increment of wage funds for a given year, 

p - profit o: the enterprise in the current year, 

Po - profit of the enterprise in the previous year, with 

6P P - Po. 

Those wages paid to the workers ":'hich exceed the standard wag e 

founds F are char~ed with the strongly progressive tax paid frorn 

the profi t of the enterprise. ~ax formulas, which are the instrument 

of the cconomic policy of the government, are applied to the enter 

prise by the economic author i ties for the period of 5 years. Thus 

the choice o f the tax formula and its nuffie rical parameters is v e ry 

impor-tan t f o r the f u rther performance of the ente rpris e. Dynami e 
/ 

effects of the financial r egulator are rather difficult to pred i ct 
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in the corning year becau se of the st r ong nonlineari t y o f this re

gulator . 

Cornputer sirnulation model whic h has be en realized using ANA

GRAF system, allows to observe changes of the chosen parumeters of 

an enterpri se in the coming 5 yea rs. Among 72 input quantities of 

the model one can d istinguish the following groups: 

- information concerning the yea r 1985 which is treated as the ba

s ie one in fur the r computations, i nc ludi ng: 

- reve nue 

- turnover tax 

costs 

- profit tax 

- wages paid to the workers 

- standard wage funds 

- production level 

employmen.t 

- quantities which specify the policy of the development of the 

enterprise in the corning five years, incl uding data concerning 

the expected profits, production level , costs, wages and employment 

·- quantities which describe t h e environment , including the inflatirn 

ra te, profit and turnover taxes and tax formula c o.rrected wi th wa

ge funds. 

The ou~put of the computerized model contains about 90 resul

tant quantities calculated for subsequent years, including the in~ 

crease of profit, increase of production level, costs , profit atta~ 

ined beJfre and after tax (regarding tax regulator con ec ted with 

_wage funds), increase of nominał ana' real average wages. 

Using the ANAGRAF system one can easily update his or her model 

.and easily obtain resul ts for_ different ver sions of the expected 

developrne nt of the enterpri~e , for . differen.t. tax formula~ -b.ound up_ 

with wage funds and different values of their pa rameters. All re

sults of a simulation can be presented in tables a nd in a graphical 

form. 

III . 7 Concluding remarks 

The · ANAGRAF system presented in this paper is designed as 

a tool for economic modeling. Not all of economic models can be 
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an a lyscd with the ANAGRAF system but th e class of mod e ls that 

c an be a nalysed i s quite broad . Of course, t he ANAGRAF system need 

no t be u scd in economic modeling only . . It may be applied to any 

kind of modeling where models are in the form of nonlinear static 

function s. The mos t importan t features of the syst em are a graphi 

cal presenta tion of results and 0 a fully interactive modelling rnode. 

Referencc s 

W. Cichocki, J. Stefański, A. Zió łkowsk i (19 83 ): An interactive 
simulation model of an ent e r prise as an aid in decision makin g . 
Proc. Simul a tion of System - BJ Conf. ,Prague 1983. 

J. Stefański, A. Ziółkowski (1 984 ): Interact ive models of microeco
nomic systems. Proc. of VI WOGSC Cong ~ess. AFCET. Par is 198 4. 



47 

APPENDIX 

SOME PRINTOUTS FROM THE SYSTEM 

. , 
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